SUMMARY -Th e studies that evaluated blood loss during hip surgery found a relatively small loss that does not explain the large hemoglobin drop postoperatively. Th e aim of this study was to determine the fall in hemoglobin level after admission and rehydration in patients with hip fractures and to identify the patients that need blood transfusion. Th is retrospective study included data on 374 patients with hip fracture with surgery delayed by more than 24 hours and complete blood count repeated prior to surgery after fl uid resuscitation for a minimum of 24 hours. Th e hemoglobin level (g/L) was analyzed after admission and after rehydration. Th e results were compared by Student's ttest. Th e mean hemoglobin drop was 6.1 g/L, 12.05 g/L and 16.52 g/L for capsular, pertrochanteric and subtrochanteric fractures, respectively. Th is hemoglobin drop was statistically signifi cant in all fracture types. Th e signifi cant drop of preoperative hemoglobin should be taken in consideration when planning transfusion for hip fracture patients. Collection of blood sample after rehydration preoperatively would enable prompt diagnosis and treatment of anemia in these patients, along with proper transfusion planning and cross-matching.
Introduction
Th e incidence of hip fractures in adults aged 65 years and older is estimated to be 818/100,000 inhabitants. Women are aff ected 2 to 3 times more frequently than men 1, 2 . Mortality after hip fractures remains signifi cant, 11%-23% at six months and 22%-33% at one year of injury. Th is mortality has remained essentially unchanged over the last four decades 3, 4 . According to Laulund et al., low admission hemoglobin (Hb) was found to be a valid mortality predictor in these patients 5 . Also, the study by Bhaskar and Parker showed a signifi cant increase in one-year mortality in anemic patients, especially those with Hb 80-100 g/L on admission for hip fracture 6 . Higher postoperative Hb has been associated with better early functional recovery, shorter length of stay, and lower readmission rates 7, 8 . Several authors have identifi ed on-admission Hb level as the most useful predictor of transfusion risk 9 . In their study of 546 hip fractures, Foss and Kehlet found average intraoperative blood loss of 200 mL for hemiarthroplasty and dynamic hip screw (DHS) surgery, and 50 mL for screw fi xation 9 . According to Jones et al., the blood loss of 250 mL would result in 10 g/L drop in Hb level 10 . On the contrary, Khan et al. report a large Hb drop postoperatively (31 g/L for pertrochanteric and 18 g/L for capsular fractures) compared with on-admission Hb 11 . Th e Hb drop after admission prior to surgery could depend on the degree of dehydration and rehydration after admission, as well as on the additional amount of blood lost at the fracture site.
Th e aim of this study was to determine the preoperative fall in Hb level after rehydration in patients with hip fractures and to identify the patients requiring intra-or postoperative blood transfusion. Our hypothesis was that the Hb level drop occurs preoperatively after admission.
Patients and Methods
Th is retrospective single-center study included data on 374 patients with hip fracture. Th e patients entered the study when the surgery was delayed by more than 24 hours and complete blood count was repeated prior to surgery after fl uid resuscitation for a minimum of 24 hours. Th e resuscitation followed the "500 mL saline every 8 hours" schedule. Patients were excluded when they required blood transfusion prior to collection of second blood specimen, had documented anemia, were taking anticoagulants, or another source of hemorrhage was identifi ed (another injury).
Data on age, sex and fracture type (intracapsular, pertrochanteric or subtrochanteric fracture) were collected. Hemoglobin level (g/L) was analyzed after admission and after rehydration.
Fractures classifi ed as AO/OTA (Orthopaedic Trauma Association) proximal femur type 31-B (fractures of the femoral neck, including 31-B1, 31-B2 and 31-B3) were grouped as intracapsular fractures 12 . Fractures of the trochanteric region proximal to the line passing transversely through the lower end of the lesser trochanter were grouped as pertrochanteric fractures (classifi ed by OTA as trochanteric fracture types 31-A1, 31-A2 and 31-A3). If the fracture was in the area from lesser trochanter to 5 cm distally (with or without associated pertrochanteric component), it was grouped as subtrochanteric fracture (OTA classifi cation types 32-A(1-3).1, 32-B(1-3).1 and 32-C(1-3).1). Preoperative and postoperative x-rays were analyzed to defi ne fracture type in each patient. Th is clinical study was performed in accordance with ethical standards of the 1964 Helsinki Declaration, as revised in 2013. It was a retrospective study, and formal consent is not required for this type of study in our institution.
Student's matched pair t-test was used on statistical analysis, and p<0.05 was considered signifi cant. One-way ANOVA was used to test diff erences in the characteristics of the three study groups.
Results
Th e study inclusion criteria were met by 374 patients (112 intracapsular, 220 pertrochanteric and 42 subtrochanteric fractures). All patents were admitted Table 1 . Th e mean Hb drop is shown in Figure 1 . Th is Hb drop was statistically signifi cant in all fracture types (Table 2) .
Discussion
Hip fracture patients are commonly elderly people with comorbidities. Th e literature does not give much information on the preoperative change of blood count in these patients. Th e studies that evaluated intraoperative blood loss during hip surgery found a relatively small loss that could not explain the large diff erence between on-admission and postoperative Hb level 9, 11 . Th e results of this study found a decrease in Hb level after admission and after rehydration. Th e mean expected Hb drop for capsular fractures should be 6.1 g/L, for pertrochanteric 12.05 g/L, and for subtrochanteric 16.52 g/L. Th is drop occurs after admission but prior to surgery. Th e diff erence of this drop among fracture types could be explained with greater bone surface area in subtrochanteric fracture and capsular tamponade in intracapsular fracture.
In their prospective study, Kumar et al. report a greater fall of Hb level in their 124 patients (2.23 g/dL Hb fall in subtrochanteric, 1.1 g/dL in intertrochanteric and 0.7 g/dL in intracapsular fractures) 7 . Th e mean decreases in Hb for the intracapsular and extracapsular fracture groups were 14.9 g/L and 20.2 g/L, respectively, as published in the retrospective study by Smith et al. 10 . Hip fractures are the leading cause of hospital admissions with a high length of stay in the elderly. Th ey are associated with major impairments and disabilities, and result in high rates of institutionalization and mortality 13 . Th e average age of hip fracture patients has increased from 73 years in the 1960s to the current 79 years 3 . Factors associated with increased mortality include advanced age, male sex, poorly controlled systemic disease, psychiatric illness, low albumin (<3.0 g/ dL), institutional residence, and operation before stabilization of the coexisting medical conditions 1 . Despite advances in surgical techniques and modern implants, hip surgery frequently requires transfusion (before, during or following surgery). High rates of blood typing and cross-matching, as well as unnecessary transfusions raise concern of inappropriate habits, adverse reactions and additional costs. Each unjustifi ed transfusion is considered a human error 14 . In the USA, hip fracture surgery ranks second in the total number of blood units administered according to diagnostic groups 13 . Transfusion triggers vary between 70 and 100 g/L (most often they were 80 or 90 g/L) 15 . Most patients with hip fracture are elderly, and their functional reserve and the ability to compensate for physiologic stress are reduced. Since postoperative Hb less than 80 g/L has been associated with increased morbidity and the odds of death increases 2.5 times for each gram decrease in Hb below this level 15 , Kumar et al. state that there is a strong argument for transfusing patients with Hb less than 100 g/L before or during surgery when postoperative Hb level below 80 g/L has to be avoided 7 . Adunsky et al. found that admission Hb levels lower than 120 g/L and pertrochanteric fractures were signifi cantly more transfused, so they propose that cross-matching might be reserved only for patients presenting with Hb <120 g/L and/or pertrochanteric fractures, thus reducing the extent of unnecessary blood ordering 13 .
Fig. 1. Mean hemoglobin (Hb) drop (g/L)
after admission in hip fracture patients. Th e essence is prompt diagnosis and treatment of anemia in these patients to minimize the anemia related medical complications, functional recovery time, length of stay in hospital or rehabilitation units, and readmission rate. A restrictive transfusion policy should not be employed in these patients. A Hb concentration of 100 g/L should be accepted as a safe threshold for hip surgery. Th e Scottish guidelines network recommends these patients should have their Hb maintained above 90 g/L 7 . Th e level of the preoperative Hb drop should be taken into consideration when planning transfusion. If we use the results of this study, as well as the results of other studies that evaluated the average intraoperative blood loss 9,10 , we could make some calculations of transfusion risks. According to the expected preoperative drop, expected intraoperative blood loss and the aim of maintaining Hb level around 100 g/L, cross-matching should be reserved for patients with on-admission Hb 120 g/L or less for pertrochanteric fractures planned for DHS surgery; for subtrochanteric fractures with 125 g/L or less; and for capsular fractures with 114 g/L or less planned for hemiarthroplasty (formula: on-admission Hb -average preoperative loss -average intraoperative loss for the planed intervention ≥100 g/L). Baseline blood samples are relatively inexpensive and easily interpreted. Th ey are a modifi able factor that might improve the outcome.
Being retrospective, the design of this study should be considered as its limitation. Data on the time between injury and hospital admission were not available and not considered in result interpretation. We could not confi rm whether or not it infl uenced the fi ndings of this study.
In conclusion, the on-admission Hb level in hip fracture patients should be interpreted carefully, and the additional blood loss after rehydration prior to surgery should be considered. We advise collection of blood sample after rehydration, preoperatively. It would enable prompt diagnosis and treatment of anemia in these patients, proper transfusion planning, lower cost of cross-matching, and avoiding unnecessary blood transfusions.
